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A. A METHOD OF PICTURE CODING
Several authors have described various methods of picture coding with the object
of reducing the information required to specify a picture (1-5). By using quite sophis-
ticated schemes they succeeded in reducing the information from 6 bits/sample to
1-2 bits/sample and obtained reasonably good processed pictures. Two questions (6)
were raised by their work: Is it possible to achieve further reduction by employing more
sophisticated or radically different coding schemes? and Is it possible to achieve the
same amount of reduction (of 6:1 to 6:2) by a simpler method? The present work
represents an attempt to answer the second question.
1. Coding Scheme
If we consider the picture as an information source, we may call the average infor-
mation required to specify one picture point the apparent source rate, which will be dif-
ferent for different coding schemes. The picture that was recorded on paper tape
consists of 240 X 240 = 57, 600 points, and the reflectance of each point is represented by
a 6-bit binary number (we set the highest reflectance equal to 63, and the lowest reflec-
tance equal to zero). We shall refer to this picture as the original picture (Fig. XI-la).
Note that without utilizing the redundancy in the original picture, the apparent source
rate will be 6 bits/sample. Our aim was to devise a simple coding scheme that would
yield a small apparent source rate. The TX-0 computer was used to simulate the whole
communication system - the transmitter, the channel (binary, noiseless), and the
receiver.
The simplest conceivable method of reducing the apparent source rate would be to
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Fig. XI-1. A simiple approach to picture coding.
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have the transmitting end send only part of the picture and the receiving end try to fill
in the blanks by using the given information. We did exactly this. To start with, we
omitted every other line in the picture (Fig. XI-lb) to reduce the apparent source rate
to 3 bits/sample. At the receiving end, we tried, first, to repeat each given line twice.
The picture thus obtained was not too bad, but the contours in the picture were "stair-
cased" (Fig. XI-lc). Next, we tried to fill in each missing point by taking the average
of the two given neighboring points. The picture was improved, but the staircase effect
still existed (Fig. XI-ld).
It seemed that the simplest way to eliminate the staircase effect would be to send
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Fig. XI-2. The 4 X
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4 scheme applied to picture of a woman.
(tl, t2, t3, t4) = (0, 0, 0, 0);
r = 6 bits/sample (original picture).
(1, 1, 2, 2); 2. 27 bits/sample.
(0, 2, 5, 5); 1. 55 bits/sample.
(64, 64, 64, 64); 0. 38 bit/sample
(no extra points sent).
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extra points near the contours. The question arose: How could we determine which
points were near the contours ? We decided to make use of the fact that the abrupt change
in reflectance occurs at a contour to devise a simple criterion. Let (i, j) be the coordi-
nates of a picture point and R i be the reflectance of that point. In our process, the
points (i, j), with i = 0, 1, . . ., 239 and j = Zn = 0, 2, 4, ... , 238, were sent as the basic
points. As for the points (i, 2n+1), we adopted the following method: First, a threshold t
was fixed. Second, we would send the point (i, 2n+1) only if IRi, 2n-Ri, 2n+21 > t;
otherwise, we would take R = (R +R n+)/2 at the receiving end. Note thati, 2n+ 1 i, 2n i, 2n+2
if the value of the threshold, t, has been agreed upon at the transmitting and receiving
ends, then the positions of the extra points need not be sent.
By using sufficiently small t, we were able to eliminate the staircase effect com-
pletely (Fig. XI-le). It should be noted, however, that the sending of extra points
increased the apparent source rate, and that the smaller the threshold t, the greater
the increase was. In Fig. XI-le, t equals 4, and the apparent source rate r is
3.5 bits/sample.
This scheme can be extended in many ways. The one extension that we have been
investigating consists in omitting three lines out of four in both directions. In other
words, we send as our basic points every fourth point of every fourth line of the original
picture. To avoid staircase effects, extra points are sent according to a criterion sim-
ilar to the one mentioned above. This criterion is quite straightforward (7), and will not
be described here. It suffices to point out that the criterion involves four thresholds (tl,
t2, t3, t4), and the positions of the extra points need not be sent. At the receiving end,
the missing points are filled in by linear interpolation.
(a) (b) (c)
Fig. XI-3. The 4 X 4 scheme applied to picture of a crowd.
(a) (tl, t2, t3, t4) = (0, 0, 0, 0);
r = 6 bits/sample (original picture).
(b) (2, 2, 3, 3); 3. 80 bits/sample.
(c) (5, 5, 5, 5); 2. 93 bits/sample.
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Some results of this extended scheme (which we shall refer to as the 4 x 4 scheme)
are shown in Figs. XI-2 and XI-3. The apparent source rate is obtained from the
formula
(number of basic points) + (number of extra points)
r = 240 x 240 x 6
It should be observed that our results compare quite favorably with those of the
earlier schemes. The simplicity of our scheme is indicated by the following facts:
(a) the points omitted at the transmitting end are never used in the process; and
(b) no probability distribution of any kind is involved. But, alas, here lies the
main defect of our scheme. If some fine details lie exclusively in the omitted
part of the picture, they will be completely lost. This seriously limits the effec-
tiveness of our scheme.
2. Relation of Our Scheme to the "Spurious Contour Removal" Method
Professor W. F. Schreiber, on several occasions, has suggested a very simple
method of reducing the apparent picture source rate, which he calls "spurious contour
removal."
If we quantize the picture samples to 16 levels (0, 4, 8, ... ,60), instead of 64
levels (0, 1, 2, .. .,63), and send them without processing, the apparent source rate
will be reduced to 4 bits/sample. The 4-bit picture, however, will contain spu-
rious contours that do not appear in the 6-bit original picture. A spurious contour
is defined as a contour over which the reflectance changes by only 1 level. (Note
that in our 4-bit picture, 1 level = 4.) In our definition, we have tacitly assumed
that any important contour in the 6-bit original suffers a reflectance change that
is greater than 8. If at the receiving end some means could be found to remove
these spurious contours, the resulting picture might be quite good.
We figured out that by setting the thresholds (tl, t2, t3, t4) = (8, 8, 8, 8), our 4 X 4
scheme can be used to smooth spurious contours in the 4-bit picture (8). However,
our scheme will do some other averaging which may or may not be desirable.
3. Relation of Our Scheme to Bandsplitting Technique
The fact that the eye is sensitive to changes in brightness but relatively insensitive
to the magnitudes of such changes suggests the use for picture-coding of the band-
splitting technique that has been discussed previously (9).
The picture is divided into two portions - the high-frequency and the low-frequency
parts. The high-frequency part is sampled at a high rate but crudely quantized, and
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Fig. XI-4. Anatomy of the 4 X 4 scheme: (a) basic points; (b) extra points;
(c) points sent by the transmitter - basic points plus extra points;
(d) picture derived from (c) by filling the missing points by linear
interpolation, r = 0. 63 bit/sample.
the low-frequency part is sampled at a low rate but finely quantized. The two parts are
combined at the receiving end to resynthesize the picture.
A glance at Fig. XI-4 reveals that the 4 X 4 scheme resembles closely the band-
splitting technique. An essential difference is that in the 4 X 4 scheme the basic
points are obtained by taking samples (at a low rate) of the original picture, instead
of just its low-frequency part. The effect on the resulting picture (according to
a crude estimation) would be an augmentation in the middle part of the frequency
spectrum (10). Another difference can be pointed out: In the 4 X 4 scheme both
dimensions of the picture are considered; with the usual bandsplitting technique
they are not. In a way, we might say that our scheme is an extension of this tech-
nique to two dimensions.
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4. Future Research
From our discussions, it seems that the following investigations are worth trying:
(a) to apply the 4 X 4 scheme on the 4-bit picture instead of on the 6-bit original; and
(b) to quantize the reflectance values of the extra points crudely, say, to 8 levels instead
of to 64 levels. Work is proceeding along these lines.
T. S. Huang
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B. ESTIMATING FILTERS FOR LINEAR TIME-VARIANT CHANNELS
[Editor's note: A report on this research, prepared by T. Kailath, has been received
for publication. It will be presented in Quarterly Progress Report No. 58, July 15,
1960.]
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